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Description 

This invention relates generally to tlie dimerizatlon of alpha-ofefins and niore specifically to a process for the dirtier- 
ization of alpha-olefins to vinylidene olefins using catalyst compositions containing a metallocene such as bis(cyclopen- 
s tadienyl)-zirconium dichloride, an alkylaluminoxane other than methylaluminoxane such as tri-isobutylaluminoxane, and 
trimethylaluminum. 

Olefin dimerizatlon using catalysts which contain methylaluminoxane (MAO) in combination with a transition metal 
metallocene is disclosed, for example, in U. S. Patent 4.658,078. These catalysts provide high polymerization activity 
but the synthesis of the MAO component is difficult and expensive because of the high reactivity of trimethylaluminum 

10 with water and the relatively low yields compared to alkylaluminoxanes such as tri-isobutylaluminoxane. Although easier 
to prepare, such higher alkylaluminoxanes provide inferior results when used as co-catalysts with the metallocenes. I 
have now discovered that catalyst systems which employ a combination of higher alkyl-aluminoxane and trimethylalu- 
minum in place of methylaluminoxane provide excellent yields of high purity vinylidene olefins by the dimerization of 
alpha-olefins. Such vinylidene olefins are useful intermediates in preparing a number of products such as specialty 

15 detergents and lubricant additives. 

Brief Summary 

In accordance with this invention there is provided a process for dimerizing an alpha-olefin of the general fomiula 
20 RCH=CH2, where R is alkyi, cycloalkyi, or cycloalkenyt with a carbon number ranging from 1 to 30, to a vinylidene olefin 
by contacting said olefin at temperatures between -60"C and 280^*0 with a catalyst comprising (a) a metallocene having 
the general fomiula (cyclopentadienyl)nMY4.n wherein n = 2 or 3. M is titanium, zirconium or hafnium and each Y is 
Individually selected from hydrogen, C^-Cg alky I, 0^-020 aryl. Cg-Cgo alkoxy, C2'C2o ester, and halogen, (b) an alkyla- 
luminoxane other than methylaluminoxane, and (c) trimethylaluminum. 

2S 

Detailed Description 

In the present process, olefins of the general formula RCH=CH2, wherein R is alkyl. cycloalkyi or cycloalkenyl and 
contains from 1 to 30 carbon atoms, are contacted with a metallocene/hlgher alkyl aluminoxaneArimethyl-aluminum 
30 catalyst system to produce vinylidene olefin dimers of the following fomnula: 

CH2=C(R)CH2CH2R 

In general, R cannot be too bulky or dimerization rates are inhibited. Mixtures of alpha-olefins can be used as starting 
materials and result in various cross-dime rizatlon products. Examples of starting olefins that can be utilized in the instant 

35 process are propylene, 1 -butene, 1 -hexene, 1 -octene, 1 -eicosene, 4-vinyl-1 -cyclohexene and the like. 

The metallocene compounds which are useful in the catalyst compositbns catalyst components, are known in the 
art and are either commercially available or are readily prepared. 

The metalkxene component includes compounds of the transition metals, titanium, zirconium and hafnium, with 
zirconium compounds being preferred. The cyclopentadienyl moiety is derived either from unsubstituted cyclopentadiene 

40 or cyclo-pentadienes which have one or more to C12 hydrocarbon radicals attached to the ring so long as the ring 
contains at least one hydrogen. Preferred are cyclopentadiene itself or lower alkyl substituted (C^ to C4) cyciopenta- 
dienes such as methylcycto-pentadiene. Illustrative of some of the metallocene compounds which can be used are bis 
(cyclopentadienyl)zirconium dimethyl, bis(cyclopentadienyl)zirconium dichloride, bis(cyclopentadienyl)zirconium mon- 
omethylmonoch bride, bis(cyclopentadienyt)t Itanium dichloride, bis(cyclopentadienyl)titanium difluoride, cyclopentadi- 

45 enylzirconium tri{2-ethylhexanoate), bis{cyclopentadienyl )zirconium hydrogen chloride, bis(cyclopentadienyl )hafnium 
dichloride and the like. The zirconium compounds are preferred and especially the halides. 

The aluminoxane component is derived from aikylaluminum compounds wherein the alkyl groups have 2 to 20, and 
preferably 4 to 8 carbons. TTie latter have good hydrocarbon solvent solu-bility and can be readily prepared in almost 
quantitative yields by adding water to organic solvent solutions of commercially available trialkylalumlnum compounds 

so such as triisobutylaluminum or tri-noctylaluminum. For example, isobutylaluminoxane is prepared by adding water to 
triisobutylaluminum in H2O/AI mole ratios of from 0.94 to 1 .02. 

The third component of the catalyst compositions Is trimethylaluminum. 

The higher alkylaluminoxane-trimethylaluminum combination used in the process of the invention with the metal- 
locene component provides a process which is even more selective than the more expensive metal locene/methylalu - 
55 minoxane system for the dimerization of alpha-olefins to vinylidene olefins in that the amount of trimer by-product is 
reduced. 

The degree of alpha-olefin (C3+) oligomerization is affected both by the carbon number of the feed olefin and the 
catalyst ratios. In general, good conversion and selectivity in producing dimer is obtained at aluminum to transition metal 



2 



EP0 575 356B1 



atomic ratios of from 1 : 1 to 500: 1 . The optimum ratfo will depend upon the alpha-olefin feed, with suitable atomic ratios 
for propylene, for example, being 1:1 to 100:1 (prefen^ed 1:1 to 50:1) and for 1-decene from 1:1 to1:320, preferably 1:1 
to 100:1 and most preferably 10:1 to 75:1. 

The relative molar proportions of trimethyialuminum to aluminoxane range from 0.1 to 10 and preferably 0.5 to 1 .0. 

5 The invention is further illustrated by, but is not intended to be limited to, the following examples. 

All operations Involving the use of catalyst components were conducted under an inert atnfK)sphere. Heptane and 
toluene were freshly distilled under nitrogen from calcium hydride and sodium benzophenone ketyl, respectively. Tri- 
isobutylalumlnum (TIBA) and trimethyialuminum (TMA) were commercial products of Ethyl Corporation and were used 
as received from the plant. Cp2ZrCl2 was recrystallized from heptane/toluene. 1-Oecene (96.0% pure) was pre-treated 

10 with activated alumina and dried over molecular sieves. 

Preparation of Isobutylaluminoxane (IBAQ) 

The reaction was carried out in a one liter, three-necked round-bottom Morton flask equipped with a mechanical 
IS stirrer, a thermometer, and a fritted water addition tube. To this flask containing a solution of TIBA (56.2 g. 0.293 mol) 
In n-heptane (223 g) with vigorous stirring was added distilled water (4.80 ml, H2O/AI molar ratio = 0.94) using a syringe 
pump over a period of 1 5 minutes. The temperature was maintained at about 40 ''C by applying an Ice bath intemiittently. 
After water addition was complete, the solution was stirred for one additbnal hour and allowed to air cool slowly. Since 
there was little or no insoluble material formed, a quantitative yield is assumed and Al wt % is calculated to be 3.0% 
20 vvhich agrees well with analysis. The solution was transferred and stored under inert atmosphere. The IBAO solution 
thus obtained remains active after up to 6 months of its preparation. 

EXAf^PLE 1 

2S A catalyst composition suitable for the dimerization of 1 -decene was formed in situ in a reaction vessel. Into an 1 00 

ml Schlenk flask was charged sequentially IBAO in n-heptane prepared as described above (3.51 gram solution, 3.90 
mmol Al), TI^A (0.27 gram, 3.70 mmol), 1-decene (18.0 grams. 128 mmol) and solid CpaZrClg (0.32 gram, 0.11 mmol). 
The mixture was heated at 60 •C with stirring. As Cp2ZrCl2 gradually dissolved, the solution turned from colorless to 
yellow. Aliquots were withdrawn for gas chronrtatographic analyses (GCA) as required. After 22 hours the solutbn was 

30 quenched with cooled 10% HCI solution and the organic phase was vacuum distilled. GCA showed that the 1-decene 
weight percent conversion was 98.6%; the yield of dimers was 88,6% and the trimer was only 1.0%. "'H-NMR and 
GC-Mass showed the distilled C20 portion to be a mixture of 98.9% vinylidene olefins and 1 .1% internal olefins. 

EXAMPLES 2-3 

35 

The process of Example 1 was repeated except using the catalyst proportbns and reactbn conditions reported in 
Table I along with the results of the dimerizations. 
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EXAMPLES 4-8 

The process of Example 1 was repeated except using the catalyst proportions and reaction conditions reported in 
Table II abng with the results. Also, a 1 :1 by weight mixture of toluene and 1-decene (10-12 grams of each) was used 
In the reaction and the IBAO was prepared using a HgO/AI molar ratio of 1 .02. 
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EXAMPLES 9>11 

The process of Example 4 was repeated except using the catalyst proportions and reaction conditions reported in 
Table III along with the results including the result of a comparison in which triisobutylaluminum (TIBA) was used instead 
of TMA. Also, the IBAO was prepared using a HgO/AI mo)ar ratio of 0.94. 
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The comparison using TIBA gave a poor conversion of Kiecene (about 50%) after 22 hours reaction time. This 
amount of conversion was achieved in Example 11 , using the same catalyst ratios but with TMA, in only 2 hours. 
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Claims 

1 , A process for dimerizing an alpha-olefin of the general formula RCH^CHg. where R is alkyi, cycloalkyi, or cycloalke- 
nyl wilh a carbon nunnber ranging from 1 to 30, to a vinylidene olefin, said process comprising contacting said 
s alpha-olefin at temperature between -60''C and 280<'C with a catalyst comprising (a) a metalbcene having the 

general formula (cyclopentadienyl)nMY4.n wherein n = 2 or 3, M is titanium, zirconium or hafnium and each Y is 
individually selected from hydrogen. C1-C5 alkyI, Ce-C20 s^y'- ^2'^20 alkoxy Cg-Cao ester, and halogen, (b) an 
alkylaluminoxane other than methylaluminoxane. and (c) trimethylaluminum. 

10 2. The process of Claim 1 wherein the atomic ratio of aluminum to transition metal in the catalyst Is from 1 : 1 to 500:1 . 

3. The process of Claim 2 wherein the atomic ratio of aluminum to transition metal In the catalyst is from 1 :1 to 100:1 . 

4. The process of Claim 1 wherein n is 2. the transition metal is zirconium and Y is habgen. 

IS 

5. The process of Claim 4 wherein said metallocene is bis(cyck)pentadienyl)-zirconium dichloride. 

6. The process of Claim 1 wherein said aluminoxane is triisobutylaluminoxane. 

20 7. The process of Claim 1 wherein said metallocene is bis(cyclopentadienyl)zirconium dk^hloride and said aluminoxane 
is triisobutylaluminoxane. 

8. The process of Claim 7 wherein the alpha-olefin is 1 -decene and the atomic ratio of aluminum to zirconium in the 
catalyst is from 1 :1 to 320: 1 . 

25 

9. The process of Claim 8 wherein the atomic ratio of aluminum to zirconium in the composition Is from 1 0: 1 to 75: 1 . 



Patentanepruche 

30 

1. Verfahren zur Dimerisation eines a-Olefins der allgemeinen Formel RCH=CH2, in der R AlkyI, Cycloalkyi Oder Cyclo- 
alkenyl mit einer Kohlenstoffzahl tm Bereich von 1 bis 30 ist, zu einem Vinylidenolefin. bei dem das a-Olefin bei 
einer Temperatur zwischen -60 und 280**C mit einem Katalysator in Kontakt gebracht wird. der (a) ein Metallocen 
der allgemeinen Formel (Cyclopentadienyl)nMY4.n, in der n 2 oder 3, M Titan. Zirconium oder Hafnium und jedes 

3S Y einzein aus Wasserstoff , C^ -Cg-Alkyl, Cg-Cgo-Aryl. Cg-CgQ-Alkoxy, C2-C20 Ester und Halogen ausgewahit ist, (b) 

ein anderes Alkylaluminoxan als Methylaluminoxan und (c) Trimethylaluminium umfaBt. 

2. Verfahren nach Anspruch 1 , bei dem das Atomverhaltnis von Aluminium zum Ubergangsmetall im Katalysator 1 : 
1 bis 500 : 1 betragt. 

40 

3. Verfahren nach Anspruch 2, bei dem das Atomverhaltnis von Aluminium zum Ubergangsmetall im Katalysator 1 : 
1 bis 100: 1 betragt. 

4. Verfahren nach Anspruch 1 . bei dem n 2. das Obergangsmetall Zirconium und Y Halogen ist. 

45 

5. Verfahren nach Anspruch 4, bei dem das Metallocen Bis(cycbpentadienyl)zirconiumdichlorki ist. 

6. Verfahren nach Anspruch 1 , bei dem das Aluminoxan Triisobutylaluminoxan ist. 

50 7. Verfahren nach Anspruch 1 , bei dem das Metalkx:en Bis(cyclopentadienyl)zirconiumdichlorid und das Aluminoxan 
Triisobutylaluminoxan ist. 

6. Verfahren nach Anspruch 7, bei dem das a-Olefin Dec-1 -en ist und das Atomvertialtnis von Aluminium zu Zirconium 
im Katalysator 1 ; 1 bis 320 : 1 betragt. 

55 

9. Verfahren nach Anspruch 8, bei dem das Atomverhaltnis von Aluminium zu Zirconium in der Zusammensetzung 
10: 1 bis 75: 1 betragt. 
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Revendleations 

1. Proc6d6 pour la dim6risatlon d'une alpha-ol6fine de formule g6n6rale RCH=CH2. dans laquelle R est un alkyle. un 
cycloalkyle ou un cycloalc6ny(e pr6sentant un nombre d'atomes de carbone valant de 1 d 30, en une ol6fine de 

5 vinylid^ne, ledit proc6d6 comprenant la mise en contact de ladlte alpha-oldfine, k une temperature entre -60'C et 

280"C. avec un catalyseur comprenant (a) un m6talloc6ne pr6sentant la formule g6n6rale (cyclopentadi6- 
nyl)„MY4.n. dans laquelle n = 2 ou 3, M est le titane, le zirconium ou le hafnium et chaque Y est choisi individuellement 
pamil l'hydrog§ne, un alkyle en k Cg, un aryle en Cg k C20, un alcoxy en k C20, un ester en C2 k C20 et un 
halog^ne. (b) un alkylaluminoxane autre que le mdthylaluminoxane et (c) du trimdthyle aluminium. 

10 

2. Proc^dd selon la revendication 1, dans lequel le rapport atomique de I'aluminium au mStal de transition dans le 
catalyseur est de 1 :1 k 500:1 . 

3. Proc6d6 selon la revendication 2, dans lequel le rapport atomique de I'aluminium au mdtal de transition dans le 
IS catalyseur est de 1 : 1 ^ 1 00: 1 . 

4. P(oc6d6 selon la revendication 1 , dans lequel n vaut 2, le m^tal de transition est le zirconium et Y est un halog^ne. 

5. Procddd selon la revendication 4> dans lequel ledit m^talloCdne est le dichlorure de bis(cyclopentadi6nyt)zirconium. 

20 

6. Proc^dd selon la revendication 1 . dans lequel ledit aluminoxane est le triisobutylaluminoxane. 

7. Procddd selon la revendication 1 , dans lequel ledit mdtalloc^ne est le dichlorure de bis(cyclopentadidnyl)zirconium 
et ledit aluminoxane est le triisobutylaluminoxane. 

25 

8. Proc^dd selon la revendication 7, dans lequel I'atpha-oldfine est le 1<iec§ne et le rapport atomique de I'aluminium 
au zirconium dans le catalyseur est de 1 :1 k 320:1 . 

9. Proc^d^ selon la revendication 8. dans lequel le rapport atomique de I'aluminium au zirconium dans la composition 
30 est de 101 ^75:1. 
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